BACKGROUND: Rat brain perfusion models are critical to basic research, but they can be imprecise and/or not durable for extended outcome studies. OBJECTIVE: To demonstrate a rat brain perfusion model that provides a simplified reliable brain perfusion circuit, reduces variables during experiment and recovery, and therefore permits more precise, reliable, and context-independent research data. METHODS: Rat forebrain perfusion was reduced surgically to that by 1 internal carotid artery without injury to the animal. The next day, the fully awake rat was studied for brain ischemia painlessly yet in the absence of anesthesia or other interventions that might bias or alter the biochemistry of the event. This model was rigorously validated with isotope cerebral blood studies during ischemia and with histology studies at 72 hours after ischemia. The first application of this model was to compare ischemia injuries for global total, global penumbra, and global shock ischemia in a single experimental context. RESULTS: This model is accurate, reliable, and remarkably durable. This model permits the severest brain ischemia by vessel occlusion ever demonstrated in a recovery model. It also confirms that, with conditions otherwise identical, penumbra ischemia is less injurious than total ischemia and that total ischemia is less injurious than shock ischemia. CONCLUSION: Although meticulous in construction, this model creates ischemia more simply and more reliably than the Pulsinelli 4-vessel ischemia model that inspired it, with the inherent advantages of an isolated organ system, in which a known tissue volume is perfused at a predetermined volume and rate. This model permits robust long-term recovery.
FIGURE 1. Schematic of surgical approach showing skull base landmarks with overlying head/neck musculature not drawn in. The distal basilar artery/bifurcation is located at midline approximately 2 mm caudal to the basioccipital suture. The pterygopalatine artery passes from pterygopalatine fissure through the medial half of the tympanic cavity. Overlying muscle, bone, dura, etc, can be resected for vascular exposure with essentially no morbidity (see Figure 2) . FIGURE 2. Asymmetric vessel occlusions shown anatomically at left create 3 independent circulations as schematized at right: the left common carotid artery (CCA)/internal carotid artery (ICA) circulation to the forebrain alone, the right CCA/external carotid artery (ECA) circulation to extra-axial head and neck structures alone, and the vertebrobasilar circulation to the brainstem alone. Basilar occlusion far distally eliminates 2 problems seen with midbasilar occlusion models.19,129 First, corticospinal tract injury is avoided because the artery far distally is isolated from these tracts by cerebellopontine fibers. Second, respiratory arrest does not occur on carotid occlusion because upper/lower brainstem respiratory centers remain perfused antegradely by the vertebrobasilar system independently of retrograde carotid flow. Forebrain flow asymmetry here is mitigated by the normally azygos anterior cerebral artery that perfuses bilaterally, by the frequent collaterals between anterior and middle cerebral arteries, and by the very extensive cortical surface collaterals of the rat. Occipital and carotid occlusions are by suture ligation. Pterygopalatine and basilar occlusions are by bipolar coagulation and transsection with microscissors. FIGURE 3. Top right, the rat ambulates comfortably postoperatively with all hardware internalized and/or placed dorsally out of reach and out of sight. Catheters are coiled into a backpack (a histology cassette) sutured out of reach at shoulder-blade level. The 3-part loop system (1 for each carotid artery) is shown at lower left. Loop A is pulled with just enough force to lift the rat, which gently tightens the carotid against loop C. Loop A is clamped at skin level to establish/maintain carotid occlusion. Pull-through and disruption of the artery are prevented by countertraction from the washer tied to loop C. To reopen the carotid, loop A is trimmed at the skin and is pulled through and removed by loop B. CCA, common carotid artery; ECA, external carotid artery; ICA, internal carotid artery. FIGURE 4. With carotid loops tightened, the decerebrate rat is positioned on his back or side for extracorporeal perfusion. Here, systemic arterial blood is relayed by femoral artery (Fem A) catheter through an extracorporeal perfusion pump to an external carotid catheter into the forebrain at a precisely controlled rate without systemic perturbations because blood is returned systemically at exactly the same time and rate at which it is removed. Alternatively, perfusion pump blood can be taken from a second rat and then infused. This perfusion technique is painless and can be used with fully awake rats. BA, basilar artery; LICA, left internal carotid artery; RECA, right external carotid artery. Table 4 . Highest survival (92%-100%) is for controls (at top) contrasted with worst survival (0%) for rats undergoing 15 minutes of shock and those undergoing 30 minutes of total ischemia (at bottom). Survival for all other groups clusters between 50% and 68% (except for 10-minute euthermic total ischemia at 92%). In all groups, survival worsens as the brain insult increases. This is true for any group: when ischemia is introduced (ie, control vs any ischemia); if ischemia is increased in depth (3-vessel occlusion [3VO] vs 9-vessel occlusion [9VO]); if ischemia is increased in duration (graph line with sham vs 10 vs 20 vs 30 minutes of total ischemia); if donor blood is absent vs given (15 minutes of penumbra, autotransfused [67%] vs donor [50%]); and/or if donor blood quality is degraded as by shock (15-minute-penumbra donor [50%] vs 15-minute-shock donor [0%]). Note that 15-minute euvolemic ischemia results support that penumbra ischemia is less severe than total ischemia and that total ischemia is less severe than shock ischemia (with 67% vs 50% vs 0% survival, respectively). Survival for 10 minutes of ambient ischemia is 67% for partial, 63% for total, and 63% for shock. FIGURE 6. Selected photomicrographs of hippocampus from 72-hour reperfusion survivors. All images are of the regio I cornus ammonus (CA1) sector with stratum ovale superiorly, with stratum radiatum inferiorly, and with the pyramidal layer (stratum pyramidale) centrally, from left to right. Stain is hematoxylin and eosin; magnification is ·100; scale bar is 50 mm. A, penumbra control: 10 minutes, ambient conditions. B, penumbra ischemia: 10 minutes, ambient conditions. C, total ischemia: 10 minutes, ambient conditions. D, shock ischemia: 10 minutes, 37/100% humidity. E, penumbra ischemia: 15 minutes, 37/100% humidity donor transfused. F, total ischemia: 20 minutes, ambient conditions. Histology for groups A through D (and most of groups E and F) was essentially normal at 72 hours after the experiment. CA1 pyramidal cell bodies (blue with hematoxylin and eosin) are plump and densely packed, with clearly visible nucleus, nucleoli, and clumped chromatin. Neuropil is finely granular. In contrast, 5 of 24 in groups E and F showed mild to severe subacute selective neuronal necrosis. Cell bodies (red with hematoxylin and eosin) are pyknotic (ie, shrunken and dense, with no cytosol and/or nuclear detail). The cell layer is highly vacuolated and the neuropil is coarsely granular. Groups E and F show the severest examples. (Note that for all groups the standard 9-vessel occlusion model configuration was used).
